INTRODUCTION
To cope with the demands posed by the outdoor environment requires adequate physical functioning and ability, and thus outdoor mobility is the everyday activity that older people most commonly report restriction (1, 2) . Participation restriction refers to "problems an individual may experience in involvement in life situations" (3) . Perceived participation refers to the personal context, valuation and needs of the individual and describes the subjective experience of having a free choice in how to live and the possibility to engage in desired activities, thus reflecting the principles of autonomy (4) .
Physical features of the environment may be decisive for older people"s possibility to participate in out-of-home activities (2) , and thus impact their opportunities for socialization.
For example, street conditions, traffic, and distance to services are important determinants of outdoor mobility (5-7), while weather conditions also affect older people"s willingness and possibilities to move outdoors (8) . Challenging outdoor environments may be a threat, particularly for those with walking difficulties (9) , as their ability to meet the environmental challenges is lower (10) . Although previous studies have shown that environmental barriers can lead to mobility decline (11, 12) , restrict participation to out-of-home activities (2) and affect quality of life negatively (13) , all of which are associated with loneliness (14, 15) , the association between environmental barriers outdoors and loneliness remains unclear.
Loneliness in old age is common and increases risk for depression, physical inactivity, functional decline and mortality (16, 17) , and is thus a major public health concern.
Loneliness refers to lack of satisfying relationships, indicating emotional isolation, and thus is distinguishable from the concept of social isolation (16, 18) . Social isolation refers to lack of social contacts, which can be objectively measured, for example, as the frequency of meeting people, whereas loneliness is a self-perception (18) . This means that an individual can feel lonely even when socially active. Consequently, when investigating loneliness, the interest is in the individual"s satisfaction with, rather than frequency of, social contacts and perceived possibilities to participate in social life of interest (18) .
The known correlates of loneliness in old age include female sex, living alone, and having poor functional ability (16, 19, 20) . Negative life-events, such as declining health or loss of spouse, and a reduced level of social activity increase feelings of loneliness (15) . Moreover, it has been suggested that environmental factors that affect opportunities for socialization outside the home, should be taken into account when studying the factors leading to loneliness in old age (21) . However, research on loneliness has tended to focus on individual rather than environmental factors, despite knowledge that individual well-being is founded on person-environment interaction (10, 22) . Intuitively, environmental factors that restrict participation in out-of-home activities could be associated with social isolation, but it is not clear whether environmental factors are associated with loneliness.
In the present study, we hypothesized that environmental barriers outdoors are associated with loneliness in old age by restricting autonomy in participation in outdoor activities. We also expected that walking difficulties may play a role in the association between environmental barriers and loneliness, as it is known that people with walking difficulties perceive their environment as more challenging (9, 23) and report more feelings of loneliness (24) than people without walking difficulties. Thus, the purpose of the present study was to describe loneliness among community-dwelling older people and to examine its association with perceived environmental barriers to outdoor mobility. In addition, we studied whether walking difficulties and autonomy in participation outdoors play a role in this association.
METHODS

Study design and participants
Baseline data from the prospective cohort study entitled "Life-space mobility in old age" (LISPE) was used for the cross-sectional analyses. The study design, methods and nonresponse analyses have been described in detail previously (25) .
The target population comprised all community-dwelling 75-to 90-year-old residents of the municipalities of Jyväskylä and Muurame, Finland. A random sample of 2,550 people was drawn from the national population register and potential participants were screened for inclusion via telephone interview. Inclusion criteria were living independently in the community, no severe communication problems, and willingness to participate. A total of 848 people met the criteria, agreed to participate and were interviewed in their homes. The LISPE project was approved by the Ethical Committee of the University of Jyväskylä, Finland. Participants were informed about the project and signed a consent form.
Measurements
Loneliness
Loneliness was captured by asking whether the person feels lonely. Response options were 1) seldom or never, 2) sometimes, and 3) often. For the analyses, loneliness was dichotomized as 1) seldom or never and 2) sometimes or often.
Perceived environmental barriers to outdoor mobility
Perceived barriers in the outdoor environment were assessed using the "Checklist for perceived environmental barriers to outdoor mobility" (PENBOM), which is a 15-item questionnaire on designed to identify environmental barriers that people perceive as hindering their possibilities for outdoor mobility. The PENBOM was developed for the LISPE project, in collaboration between the Gerontology Research Center at the University of Jyväskylä and the Centre for Ageing and Supportive Environments (CASE) at Lund University Sweden. We utilized questions from an earlier study (12) , and developed them further. Using the PENBOM, participants were asked whether certain environmental features hindered their possibilities for moving outdoors (yes or no). Perceived environmental barriers for outdoor mobility included poor street conditions, high curbs, hills in nearby environment, long distance to services, lack of benches, lack of benches in winter, noisy environment, busy traffic, dangerous crossroads, cyclists on walkways, snow and ice, insecurity due to other pedestrians, cars or services vans on walkways, poor lighting, and lack of pedestrian zones.
The internal consistency of the checklist was acceptable (Cronbach alpha =.716). In the analyses, the environmental barriers constituted 15 separate variables. In addition, the sum of the environmental barriers identified as present (yes) was calculated and then categorized as zero, one or multiple barriers (two or more).
Perceived walking difficulty
Perceived difficulty in walking 2 km was studied using a standardized questionnaire. The participant was asked whether she /he had difficulties in walking 2 km. For the analyses the response alternatives were dichotomized as "no difficulties" (able to manage without difficulty) and "difficulties" (able to manage with some difficulty; able to manage with great deal of difficulty; able to manage only with the help of another person; unable to manage even with help).
Autonomy in participation outdoors
To study autonomy in participation outdoors, the domain "autonomy outdoors" of the Impact on Participation and Autonomy questionnaire (4, 26) 
Statistical analyses
Participants" baseline characteristics are described using means and standard deviations or percentages. Differences between those reporting feeling/not feeling loneliness were tested with the Chi Square (X 2 ) or t-test. The associations between the number of and item-specific environmental barriers and loneliness were first tested with the X 2 -test. Thereafter, logistic regression analyses were computed for the number of environmental barriers and for the specific environmental barriers that showed a statistically significant association with loneliness. Because loneliness was more prevalent among women and among those living alone, we tested interactions for the number of environmental barriers×sex (p=.113) and number of environmental barriers×living alone (p=.859) on loneliness. Since these interactions were non-significant, no separate models were created and the models were adjusted for sex and living alone. First, the bivariate associations were adjusted for age and sex. Second, walking difficulty, and third, autonomy in participation outdoors were added to further adjust the bivariate associations. Finally, walking difficulty, autonomy in participation outdoors, and the covariates -perceived financial situation, living alone, and number of chronic conditions -were added to the models. When p<.05 or the 95% confidence intervals Participants who experienced loneliness reported more environmental barriers to outdoor mobility than those who did not report experiencing loneliness (p<.001). Eleven of the fifteen specific environmental barriers were more frequently reported by those experiencing loneliness. No differences emerged for poor lighting, cars or service vans on walkways, insecurity due to other pedestrians and lack of pedestrian zones ( Table 2) .
RESULTS
Participants
Reporting one environmental barrier compared to reporting none almost doubled the likelihood of reporting loneliness, while those reporting multiple environmental barriers had a more than two-fold likelihood of loneliness compared to those reporting none (Table 3) .
Almost half of the specific environmental barriers (snow and ice during winter time, long distances to services, lack of resting places, dangerous crossroads, hills in the nearby environment, noisy traffic, high curbs) significantly increased the odds for experiencing loneliness when adjusted for age and sex (model 1). Walking difficulties had only a minor Figure. )
DISCUSSION
The present study shows that perceived environmental barriers to outdoor mobility are associated with feelings of loneliness among community-dwelling older people. It is noteworthy that physical environmental barriers to outdoor mobility not only had a direct effect on loneliness, but also an indirect effect through restricted autonomy in participation outdoors, whereas walking difficulties played only minor role in the association. In particular, snow and ice, hills in the nearby environment and long distances to everyday services increased the odds for loneliness, even after adjusting for several potential confounders.
Although no previous study has targeted the association between environmental barriers to outdoor mobility and feelings of loneliness, previous research has found associations between environmental factors and physical activity (28, 29) , mobility limitations (11, 12, 30) and quality of life (13, 29) . Intuitively, mobility difficulties could explain the association between the environmental barriers and loneliness, as people with mobility limitations are more vulnerable to environmental barriers and have increased risk of loneliness (9, 24) . However, even after adjusting our models for walking difficulties and chronic conditions, the association between environmental barriers and loneliness remained significant, which suggest that other resources e.g. psychological characteristics, in particular self-efficacy, may explain the association (31). Among other things, self-efficacy relates to how much stress a person is experiencing in coping with environmental demands (32), while it also predicts loneliness (33) . People with weak self-efficacy invest less effort in the tasks they are doing and thus may feel powerless not only when encountering environmental challenges, but also when experiencing feelings of loneliness. However, such dynamics remain to be investigated in a longitudinal study.
Certain environmental features, such as hills, long distances and weather conditions may restrict older people"s ability to perform everyday activities, such as running errands themselves, or to participate in out-of-home activities, and thereby also their possibility to meet other people. In Nordic countries in winter time, especially, people more often stay indoors because of snow and ice (8) and maintenance of social relationships is more difficult, which may restrict autonomy in participation outdoors and increase feelings of loneliness. It should be noted, however, that for some countries it is hot summer, rather than icy and snowy winter conditions that restrict participation in out-of-home activities. However, seasonal changes would prove an interesting target for research (34) .
Differentiating the reasons for and consequences of loneliness is not a straightforward issue, and its dynamics cannot be adequately explored by a single study. People who have feelings of loneliness may perceive their environment as more challenging, but in the reverse direction, a challenging environment may increase feelings of loneliness. We found that restricted autonomy in participation outdoors is associated with loneliness. Earlier studies have predominantly studied the frequency of participation in out-of-home activities, which is distinct from the autonomy (35, 36) . On the other hand, loneliness may restrict the sense of autonomy in participation outdoors. Feelings of loneliness may also be transitional; for example, a negative life event such as widowhood may temporarily increase feelings of loneliness (15) , and also adversely affect autonomy in participation outdoors; however, as the person adapts to the new situation these feelings may diminish. Transitions in feelings of loneliness warrant further study.
The strengths of the present study are that the topic has been little researched, and that we had a good quality data with very few missing data in a large population-based sample of community-dwelling older people. Nevertheless, the study has its limitations. First, the participants were mostly resident in an urban area (94.1%) in Finland. Some studies have indicated that those living in rural areas are likely to be more socially isolated, which may predispose them to loneliness (37) . However, due to the very low proportion of people living in rural areas (5.9% of the population), the differences between urban and rural inhabitants remain unclarified. Second, environmental barriers and the prevalence of loneliness in central Finland might differ from the situation elsewhere in Europe. However, a recent study in Israel with a population similar to ours in age and functional capacity (38) also reported a similar prevalence of loneliness, thus supporting our findings. Third, it should be noted that although the cross-sectional study design with the use of path analyses made it possible to study the direction of the associations, longitudinal studies are needed to confirm the causality of the association.
Conclusion
The findings of the present study suggest that person-environment misfit may lead to loneliness among older community-dwelling people. Prospective studies should investigate whether removing environmental barriers to outdoor mobility improves autonomy in participation outdoors and alleviates loneliness among older people. Coefficients are significant if they are greater than twice the standard error (in parenthesis).
The R² values indicate the amount of variation in the dependent variables explained by the other shown variables. Number of environmental barriers
